TOPIC 3 Exchange 
Gas Exchange 
Pack 1 


A Level Yr1/AS 


(a) Plants and insects which live in desert conditions have adaptations which reduce water 
loss. The diagrams show sections through an insect spiracle and a plant stoma. 


Stoma from desert-living plant 


Spiracle from desert-living insect 


Spiracle 


Tia 


Describe and explain two similarities in the way in which the structures shown in these 
diagrams limit water loss from these organisms. 






Stomatal guard cells 





(4) 


(b) The graph shows the rate of water loss from a desert-living insect. Over the periods of 
time marked X the concentration of carbon dioxide in the air was increased from 
approximately 0.03% to 5%. 


0.15 
X 
X 
0.10 
Rate of water loss/ 
mg hour | 
0.05 
0 
0 2 4 6 8 10 12 14 16 18 


Time/weeks 


Suggest an explanation for the change in rate of water loss when the carbon dioxide 
concentration Was increased. 


(3) 
(Total 7 marks) 


Many insects release carbon dioxide in short bursts even though they produce it at a constant 
rate. The diagram shows how this is achieved in one particular insect. 
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(a) Using information from the diagram, suggest what stimulates the spiracles to open. 


(1) 
(b) Explain what causes the oxygen concentration in the tracheae to fall when the spiracles 
are closed. 
(2) 
(c) The insect lives in dry conditions. Suggest an advantage of the pattern of spiracle 
movements shown in the diagram. 
(2) 


(Total 5 marks) 


(a) A diffusion gradient is essential for gas exchange. Describe two ways in which a 
diffusion gradient for oxygen is maintained at the gas exchange surface of a fish. 
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(2) 
The graph shows the concentration of gases inside the tracheoles of an insect. 
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(b) For how long were the insect’s spiracles open during the period shown in the graph? 
Explain how you arrived at your answer. 
Length Of time: ressonen al sile na anali ll aa lala isale 
Explanation ss eee ile m dll Small salli lin eği alla 
(2) 


(Total 4 marks) 


(a) Describe the features of fish gills that give them a large surface area. 


(2) 


The graph shows the relationship between gill surface area and body mass for three species of 
fish. 


Tuna (very fast swimming) 


Gill 
surface 
area 






Trout (fast swimming) 


Le (slow swimming) 





Mass ——>> 


(b) (i) Describe the relationships between gill surface area, mass and swimming speed 
shown in the diagram. 


(ii) Explain the relationship between gill surface area and swimming speed. 


(2) 
(Total 5 marks) 


(a)  Fick’s law describes the effects of various factors on the rate of diffusion. These factors 


are: 
A = surface area 
(Cj - C2) = difference in concentration 
t ii thickness of exchange surface 


Use A (Cı - C2) and t to complete the equation representing Fick’s law. 


Rate of diffusion is proportional to 


(1) 


(b) (G) Oo There are about 150 000 000 alveoli in a human lung. Explain how this makes gas 
exchange very efficient. 


(1) 


(ii) The capillaries in the lungs are very small in diameter. As a result, blood travels 
through them slowly. Explain two ways in which the small diameter of the 
capillaries results in the efficient transfer of oxygen from the alveoli to the red 
blood cells. 


(3) 


(c) During a breath, little of the air contained in alveoli at the top of the lungs is replaced. 
Explain how this makes gas exchange inefficient in these alveoli. 


(2) 
(Total 7 marks) 


11. Gas exchange surfaces allow efficient diffusion of gases. Fick’s law states: 


surface area x differencein concentraton 


Rate of diffusion is proportional to - 
thicknessof exchangesurface 





(a) In the gill of a fish, describe how 
(i) a large surface area is provided; 


(1) 
(ii) a concentration gradient is maintained. 
(2) 
(b) oLand-dwelling insects lose water from their gas exchange surface. Use Fick’s law to 
explain why they lose less water when the air is humid. 
(2) 


(Total 5 marks) 


13. The graph shows the pattern of breathing in a person sitting at rest. 


Volume of 
air in lungs 


Time —> 


(a) (i)  Whatis the name given to the volume of air labelled A? 


(1) 
(ii) Explain how you would calculate the volume of air taken into the lungs in one 
minute. 
(1) 
One way in which hospitals test how well the lungs are working is to measure the gas transfer 
factor. This is done by measuring the uptake of carbon monoxide from a single breath of air 
containing 0.3% carbon monoxide. 
(b) () By what process would carbon monoxide pass from the air in the alveoli to the 
blood in the lung capillaries? 
(1) 
(ii) Suggest why carbon monoxide is used for this test. 
(2) 
(c) Interstitial lung disease is a disease in which the alveolar walls become thicker. 
Explain why the gas transfer factor would be low in a person who had interstitial lung 
disease. 
(1) 


(Total 6 marks) 


15. 


Read the following passage. 


Several diseases are caused by inhaling asbestos fibres. Most of these 
diseases result from the build up of these tiny asbestos fibres in the lungs. 


One of these diseases is asbestosis. The asbestos fibres are very small and 

enter the bronchioles and alveoli. They cause the destruction of phagocytes 

and the surrounding lung tissue becomes scarred and fibrous. The fibrous 5 
tissue reduces the elasticity of the lungs and causes the alveolar walls to 

thicken. One of the main symptoms of asbestosis is shortness of breath 

caused by reduced gas exchange. 


People with asbestosis are at a greater risk of developing lung cancer. The time 
between exposure to asbestos and the occurrence of lung cancer is 20-30 years. 10 


Use information in the passage and your own knowledge to answer the following questions. 


(a) Destruction of phagocytes (lines 4—5) causes the lungs to be more susceptible to 
infections. Explain why. 


(2) 


(b) () The reduced elasticity of the lungs (lines 6—7) causes breathing difficulty. 
Explain how. 


(2) 


(ii) Apart from reduced elasticity, explain how changes to the lung tissue reduce the 
efficiency of gas exchange. 


(4) 


(c) 


(ii) 


Doctors did not make the link between exposure to asbestos and an increased risk 
of developing lung cancer for many years. Use information in the passage to 
explain why. 


(1) 


Give one factor, other than asbestos, which increases the risk of developing lung 
cancer. 


(1) 
(Total 10 marks) 


(a) 


(b) 


(a) 


(b) 


(c) 


(a) 


(b) 


Waxy cuticle; 
Prevents passage/evaporation of water; 


OR 


Hairs on surface (allow description); 
Moist air trapped/reduces water potential gradient; 


OR 


Sunken “openings”; 
Moist air trapped/reduces water potential gradient; 


OR 


Stomata/spiracles can close; 
Reduces evaporation; 


Carbon dioxide in tracheae; 
Therefore spiracles open; 
allowing water vapour to escape; 


increasing carbon dioxide concentration / partial pressure; 
(decrease in oxygen negates) 


(oxygen is used in) respiration; 
therefore diffuses (from tracheae) to tissues; 
oxygen unable to enter organism; 


spiracles not open all the time; 
therefore there is less water loss 
(by diffusion through spiracles); 


Accurate description of ventilation by water flow; 

(Oxygen) removal by bloodstream; 

Description of / countercurrent flow of blood and water (at gills); 
Accept labelled diagram, ignore ‘contraflow’, reject ‘multiplier’. 


4.0 seconds / s; accept 2 x 2s 


(Total) time when oxygen (concentration) was increasing / 
oxygen diffusing in; 


OR 


(Total) time when carbon dioxide (concentration) was decreasing / 
carbon dioxide diffusing out; 


max 4 


2 max 


1 max 


[7] 


[5] 


[4] 


11. 


13. 


(a) 


(b) 


(a) 


(b) 


(c) 


(a) 


(b) 


(a) 


(gills have) lamellae on filaments; 
lots of both; 


G) ~— all 3 go up; [Accept converse] 


Gi) more oxygen can be supplied; 
for more respiration; [Accept answer relating to CO3] 


Ax(C, — Cy) 
t 


[Allow: words] 


(i) Oo Large surface area for diffusion; 


(ii) Red blood cells close to capillary wall/ thin capillary wall; 
Short diffusion path/ distance for oxygen to diffuse; 
Longer time for diffusion to take place/ diffusion is slow; 


Less oxygen/ concentration gradient lower; 
Therefore less diffusion; 
[Accept: reverse argument for carbon dioxide] 


(i) Many gill lamellae/gill filaments; (ignore refs to ‘highly divided’) 


(ii) | Counter-current mechanism/blood and water flow in opposite 
directions; 
Not enough time for equalisation of concentrations/maintains 
concentration gradient over length of gills/never reaches 
equilibrium; 


Humidity reduces difference in concentration of water (vapour) 
between body and air; 
reduces rate of diffusion (of water vapour)(as are proportional); 





(i) Tidal volume; 


(Gi) Multiply A / tidal volume / volume of breath by number of 
breaths per minute / breathing rate; 
Penalise error in (a) (i) once only 


max 2 


[5] 


[7] 


[5] 


15. 


(b) 


(c) 


(a) 


(b) 


(c) 


G) Diffusion; 


(ii) Not normally present / needed; 
Any detected must have come from this test; 


Longer diffusion pathway / takes longer to diffuse / 
slower rate of diffusion; 


Phagocytes engulf/ingest pathogens/microorganisms/bacteria/viruses; 
Phagocytes destroy pathogens/microorganisms/bacteria/viruses; 


Lung diseases are caused by pathogens/microorganisms/bacteria/viruses; 


Q Allow description of process of engulfing 


(i) Alveoli/lungs will not inflate/deflate fully/reduced lung capacity; 
Breathing out particularly affected/no longer passive; 


Concentration/diffusion gradient / rate of diffusion reduced; 


(Gi) Alveolar walls thicken; 
Longer diffusion pathway; 
Scarred/fibrous tissue; 


Reduces surface area (for gaseous exchange); 


Q Diffusion is essential for oe point and surface area for 4" 
point. 


(i) Cancer develops 20 — 30 years after exposure (to asbestos); 


(ii) Smoking / air pollution / specified industrial source; 


[6] 


2 max 


2 max 


[10] 


